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Connecting via Winsock to STN 



Welcome to STN International! Enter x:x 

LOGINID:SSSPTA1612RXD 

PASSWORD : 

TERMINAL (ENTER 1, 2, 3, OR ?):2 
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* Welcome to STN International ********** 

Web Page URLs for STN Seminar Schedule - N. America 
"Ask CAS " for self-help around the clock 
CA/CAPLUS - Russian Agency for Patents and Trademarks 
(ROSPATENT) added to list of core patent offices covered 
PATDPAFULL - New display fields provide for legal status 
data from INPADOC 

BABS - Current -awareness alerts (SDIs) available 
MEDLINE/LMEDLINE reloaded 

GBFULL: New full -text patent database on STN 
REGISTRY/ZREGISTRY - Sequence annotations enhanced 
MEDLINE file segment of TOXCENTER reloaded 
KOREAPAT now updated monthly; patent information enhanced 
Original IDE display format returns to REGISTRY/ZREGISTRY 
PATDPASPC - New patent database available 

REGISTRY/ZREGISTRY enhanced with experimental property tags 
EPFULL enhanced with additional patent information and new 
fields 

EMBASE - Database reloaded and enhanced 

New CAS Information Use Policies available online 

Patent searching, including current -awareness alerts (SDIs) , 

based on application date in CA/CAplus and US PATFULL/US PAT2 

may be affected by a change in filing date for U.S. 

applications. 

Improved searching of U.S. Patent Classifications for 

U.S. patent records in CA/CAplus 

GBFULL enhanced with patent drawing images 

REGISTRY has been enhanced with source information from 

CHEMCATS 

STN User Update to be held June 6 and June 7 at the SLA 2005 
Annual Conference 

STN Patent Forums to be held in June 2 005 
The Analysis Edition of STN Express with Discover! 
(Version 8.0 for Windows) now available 



NEWS EXPRESS 



NEWS HOURS 
NEWS INTER 
NEWS LOGIN 
NEWS PHONE 
NEWS WWW 



JANUARY 10 CURRENT WINDOWS VERSION IS V7.01a, CURRENT 
MACINTOSH VERSION IS V6.0c(ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 10 JANUARY 2005 

STN Operating Hours Plus Help Desk Availability 
General Internet Information 
Welcome Banner and News Items 

Direct Dial and Telecommunication Network Access to STN 
CAS World Wide Web Site (general information) 
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Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************* STN Columbus *************** 



FILE 'HOME' ENTERED AT 18:31:34 ON 08 JUN 2005 
=> file caplus 

COST IN U.S. DOLLARS SINCE FILE TOTAL 

ENTRY SESSION 

FULL ESTIMATED COST 0.21 0.21 

FILE 'CAPLUS' ENTERED AT 18:31:48 ON 08 JUN 2005 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2005 AMERICAN CHEMICAL SOCIETY (ACS) 



Copyright of the articles to which records in this database refer is 
held by the publishers listed in the PUBLISHER (PB) field (available 
for records published or updated in Chemical Abstracts after December 
26, 1996), unless otherwise indicated in the original publications. 
The CA Lexicon is the copyrighted intellectual property of the 
American Chemical Society and is provided to assist you in searching 
databases on STN. Any dissemination, distribution, copying, or storing 
of this information, without the prior written consent of CAS, is 
strictly prohibited. 

FILE COVERS 1907 - 8 Jun 2005 VOL 142 ISS 24 
FILE LAST UPDATED: 7 Jun 2005 (20050607/ED) 

New CAS Information Use Policies, enter HELP USAGETERMS for details. 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 



=> s (Becker and 1988 and 5 and 12 and 1053) /so 
428 BECKER/SO 
448999 1988/SO 
2410080 5/SO 
1062946 12/SO 
9339 1053/SO 

LI 0 (BECKER AND 1988 AND 5 AND 12 AND 1053) /SO 

=> s (1988 and 5 and 12 and 1053) /so 
448999 1988/SO 
2410080 5/SO 
1062946 12/SO 
9339 1053/SO 
L2 1 (1988 AND 5 AND 12 AND 1053) /SO 



=> d abs bib hitstr 
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L2 
GI 



ANSWER 1 OF 1 CAPLUS COPYRIGHT 200S ACS on STN 




-I 2" 



RO^ 



.OR 



'OR 



I 



AB Ni L [H2L - I (R - H, Me, Et, iso-Pr, Bu; Rl - CPhCPh, CK«CH2CMe] vere 
prepared f ron NiC12, dioxime and H3B03 in ROH. All the coepds. are 
spin-paired, crystalline intensely colored solids. IR and electronic 

spectra 

show the coaplexes are iaostructural and nearly square planar. 
AN 1989:609105 CAPLUS 
DN 111:208105 

TI Alkoxy boron-bridged macrocyclic confounds of nickel (I I) with 

1, 1* , 8, 8 • -tetraalkoxy-1, 8-dibora-4, 5, 11, 12-tetraphenyl-3, 6, 10, 13-tetraaza- 
2, 7, 9, 14-tetraoxatetradecacyclo-3, 5, 10, 12-tetraene and 

1,1', 9, 9" -tetraalkoxy-1, 9-dibora-4, 6, 12, 14-tetramethyl-3, 7, 11, 15-tetraaza- 

2, 8, 10, 16-tetraoxacyclohexadeca-3,6, 11, 14-tetraene 
AU Rai, H. C.i Tivary, Jaya; Kumari, Rekha 
CS L S College, Univ. Bihar, Muzaffarpur, India 

SO Indian Journal of Chemistry, Section A: Inorganic, Physical, Theoretical 

& Analytical (1888), 27A(12), 1053-5 

CODEN: IJCADU* ISSN: 0376-4710 
DT Journal 
LA English 
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=> s (1998 and 5 and 12 and 1053) /so 

. 712861 1998/SO 

2410080 5/SO 

1062946 12/SO 
9339 1053/SO 
L3 ' 2 (1998 AND 5 AND 12 AND 1053) /SO 

=> d abs bib hitstr 1-2 
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L3 ANSVER 1 OF 2 CAPLUS COPYRIGHT 200S ACS on STN 

AB Bubacterial proteins are synthesized with a foroyl group at the N-terninus 
vhich is hydrolyti ca 1 ly removed from the nascent chain by the nononuclear 
Fa-containing enzyae, peptide deformylase (I) . The catalytic efficiency 
strongly depends on the identity of the bound metal. Here, the authors 
determined by x-ray crystalloc. the Fe2+, Ni2+, and Zn2+ forms of 

Escherichia 

coli I and a crystal structure of I complexed vith the reaction product, 
Ket-Ala-Ser. The structure of the I complex, with the tripeptide bound at 
the active site, suggested detailed models for the mechanism of substrate 
recognition and catalysis. Differences in the protein structures due to 
the identity of the bound metal were extremely small and accounted only 
for the observation that Zn2+ bound more tightly than Fe2+ or Ni2+. The 
striking loss of catalytic activity of the Zn2+ form could be caused by 
its reluctance to change between tetrahedral and 5-fold metal coordination 
believed to occur during catalysis. 

AN 1998:797694 CAPLUS 

DN 130:150294 

TI Iron center, substrate recognition and mechanism of peptide defornylase 
AU Becker, Andreas; Schlichting, lime/ Kabsch, Wolfgang; Groche, Dieter; 

Schultz, Sabine; Wagner, A. F. Volker 
CS Max-Planck-Institut fur medizinische Forschung, Abteilung Biopbysik, 

Heidelberg, 69120, Germany 
SO Nature Structural Biology (1998), 5(12), 

1053-1058 

CODEN: NSBIEW; ISSN: 1072-8368 
PB Nature America 
DT Journal 
LA English 

RE.CNT 27 THERE ARE 27 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L3 ANSWER 2 07 2 CAPLUS COPYRIGHT 2005 ACS on STN 

AB The objective of this investigation was to determine if the decrease of 
cytochrome P 4502E1 (CYP2E1) in hepatomas is related to the tumor growth 
rate. There was a significant correlation between N-nitrosodi me thy lamina 
(NDMA) demethylase activities and CYP2E1 protein levels in rat liver and 
hepatomas. The levels of NDMA demethylase activities and CYP2E1 protein 
content were lower in hepatomas than in the corresponding host livers. 
NDMA demethylase activities and CYP2E1 protein levels were greater in 
hepatomas of slow and intermediate growth rate than in fast growing 
hepatomas. A similar trend was also observed with CYP2E1 mRNA levels. The 
results demonstrated an inverse relation between growth rate of rat 
hepatomas and the expression of CYP2E1. 

AN 1998:307705 CAPLUS 

DN 129:79913 

TI Differential expression of cytochrome P4502E1 (CYP2E1) in Morris hepatomas 

and livers of tumor bearing rats 
AU Hu, Jennifer J.; Hong, Jun-Yam Lea, Michael A.; Yang, Chung S. 
CS Laboratory Cancer Research, Dep. Chemical Biology Pharmacognosy, College 

Pharmacy, Rutgers Univ., Piscataway, NJ, 08855, USA 
SO International Journal of Oncology (1998), 12(5 

), 1049-1053 . 

CODEN: IJONES; ISSN: 1019-6439 
PB International Journal of Oncology 
DT Journal 
LA English 

RE.CNT 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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=> FIL STNGUIDE 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

DISCOUNT AMOUNTS (FOR QUALIFYING ACCOUNTS) 
CA SUBSCRIBER PRICE 



SINCE FILE 
ENTRY 
34.32 

SINCE FILE 
ENTRY 
-2.19 



TOTAL 
SESSION 
34.53 

TOTAL 
SESSION 
-2.19 



FILE 'STNGUIDE' ENTERED AT 18:34:17 ON 08 JUN 2005 

USE IS SUBJECT TO THE TERMS OF YOUR CUSTOMER AGREEMENT 

COPYRIGHT (C) 2005 AMERICAN CHEMICAL SOCIETY, JAPAN SCIENCE 

AND TECHNOLOGY CORPORATION, AND FACH I NFORMAT I ONS Z ENTRUM KARLSRUHE 

FILE CONTAINS CURRENT INFORMATION. 

LAST RELOADED: Jun 3, 2005 (20050603/UP) . 



=> logoff y 

COST IN U.S. DOLLARS 



FULL ESTIMATED COST 

DISCOUNT AMOUNTS (FOR QUALIFYING ACCOUNTS) 
CA SUBSCRIBER PRICE 
STN INTERNATIONAL LOGOFF AT 18:37:11 ON 08 JUN 2005 



SINCE FILE 
ENTRY 
0.30 



SINCE FILE 
ENTRY 
0.00 



TOTAL 
SESSION 
34.83 

TOTAL 
SESSION 
-2.19 



Connecting via Winsock to STN 

Welcome to STN International! Enter x:x 

LOGINID:SSSPTA1612RXD 

PASSWORD : 

TERMINAL (ENTER 1, 2, 3, OR ?):2 
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* Welcome to -STN International ********** 

Web Page URLs for STN Seminar Schedule - N. America 
"Ask CAS" for self-help around the clock 
CA/CAPLUS - Russian Agency for Patents and Trademarks 
(ROSPATENT) added to list of core patent offices covered 
PATDPAFULL - New display fields provide for legal status 
data from INPADOC 

BABS - Current -awareness alerts (SDIs) available 
MEDLINE/ LMEDLINE reloaded 

GBFULL: New full -text patent database on STN 
REGISTRY/ZREGISTRY - Sequence annotations enhanced 
MEDLINE file segment of TOXCENTER reloaded. 
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KOREAPAT now updated monthly; patent information enhanced 
Original IDE display format returns to REGI STRY/ ZREGI STRY 
PATDPASPC - New patent database available 

REGI STRY/ZREGI STRY enhanced with experimental property tags 
EPFULL enhanced with additional patent information and new 
fields 

EMBASE - Database reloaded and enhanced 

New CAS Information Use Policies available online 

Patent searching, including current -awareness alerts (SDIs) , 

based on application date in CA/CAplus and US PATFULL/ US PAT2 

may be affected by a change in filing date for U.S. 

applications . 

Improved searching of U.S. Patent Classifications for 

U.S. patent records in CA/CAplus 

GBFULL enhanced with patent drawing images 

REGISTRY has been enhanced with source information from 

CHEMCATS 

STN User Update to be held June 6 and June 7 at the SLA. 2005 
Annual Conference 

STN Patent Forums to be held in June 2005 
The Analysis Edition of STN Express with Discover! 
(Version 8.0 for Windows) now available 



NEWS EXPRESS 



JANUARY 10 CURRENT WINDOWS VERSION IS V7.01a, CURRENT 
MACINTOSH VERSION IS V6.0c(ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 10 JANUARY 2005 



NEWS HOURS STN Operating Hours Plus Help Desk Availability 

NEWS INTER General Internet Information 

NEWS LOGIN Welcome Banner and News Items 

NEWS PHONE Direct Dial and Telecommunication Network Access to STN 

NEWS WWW CAS World Wide Web Site (general information) 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************* stn Columbus *************** 



FILE 1 HOME 1 ENTERED AT 11:58:13 ON 09 JUN 2005 



=> file registry 
COST IN U.S. DOLLARS 



FULL ESTIMATED COST 



SINCE FILE TOTAL 
ENTRY SESSION 
0.21 0.21 



FILE 'REGISTRY' ENTERED AT 11:58:21 ON 09 JUN 2005 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2005 American Chemical Society (ACS) 
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Property values tagged with IC are from the ZIC/VINITI data file 
provided by InfoChem. 

STRUCTURE FILE UPDATES : 8 JUN 2005 HIGHEST RN 851931-88-9 
DICTIONARY FILE UPDATES: 8 JUN 2005 HIGHEST RN 851931-88-9 

New CAS Information Use Policies, enter HELP USAGETERMS for details. 

TSCA INFORMATION NOW CURRENT THROUGH JANUARY 18, 2005 

Please note that search-term pricing does apply when 
conducting SmartSELECT searches. 

* * 

* The CA roles and document type information have been removed from * 

* the IDE default display format and the ED field has been added, * 

* effective March 20, 2005. A new display format, IDERL, is now * 

* available and contains the CA role and document type information. * 

* ★ 

Crossover limits have been increased. , See HELP CROSSOVER for details. 

Experimental and calculated property data are now available. For more 
information enter HELP PROP at an arrow prompt in the file or refer 
to the file summary sheet on the web at: 
http : //www . cas . org/ONLINE/DBSS/registryss . html 

= > 



Uploading C:\Program Files\Stnexp\Queries\10714255 . str 




chain nodes : 

1 2 3 4 17 24 25 26 27 28 29 30 31 
ring nodes : 

5 6 7 8 9 10 11 12 13 14 15 16 18 19 20 21 22 23 
chain bonds : 

1-2 1-3 1-4 1-24 3-5 4-11 13-17 17-18 24-25 25-26 26-27 26-28 28-29 
29-30 30-31 
ring bonds : 



10714255 



6/9/05 



5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 
exact /norm bonds : 

1-2 1-3 1-4 3-5 4-11 13-17 17-18 24-25 25-26 26-27 28-29 29-30 30-31 
exact bonds : 
1-24 26-28 
normalized bonds : 

5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 

Match level : 

1: CLASS 2: CLASS 3 : CLASS 4 : CLASS 5: Atom 6: Atom 7: Atom 8 : Atom 9: Atom 10: Atom 

ll:Atom 12: Atom 13: Atom 14: Atom 15: Atom 16:Atom 17: CLASS 18: Atom 19: Atom 
20: Atom 21: Atom 22: Atom 23 : Atom 24: CLASS 25: CLASS 26: CLASS 27: CLASS 
28: CLASS 29: CLASS 30: CLASS 31: CLASS 



LI STRUCTURE UPLOADED 

= > d 11 

LI HAS NO ANSWERS 
LI STR 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

Structure attributes must be viewed using STN Express query preparation. 



=> s 11 

SAMPLE SEARCH INITIATED 11:58:40 FILE 1 REGISTRY 1 
SAMPLE SCREEN SEARCH COMPLETED - 0 TO ITERATE 



100.0% PROCESSED 0 ITERATIONS 

SEARCH TIME: 00.00.01 



0 ANSWERS 



FULL FILE PROJECTIONS: ONLINE **COMPLETE** 

BATCH **COMPLETE** 

PROJECTED ITERATIONS: 0 TO 0 

PROJECTED ANSWERS: 0 TO 0 



L2 



0 SEA SSS SAM LI 



=> s 11 ful 

FULL SEARCH INITIATED 11:58:53 FILE 1 REGISTRY 1 
FULL SCREEN SEARCH COMPLETED - 4 TO ITERATE 



100.0% PROCESSED 4 ITERATIONS 

SEARCH TIME: 00.00.01 



0 ANSWERS 



L3 



0 SEA SSS FUL LI 



Uploading C:\Program Files\Stnexp\Queries\10714255 . str 
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chain nodes : 

1 2 3 4 17 24 25 26 27 28 29 30 31 
ring nodes : 

5 6 7 8 9 10 11 12 13 14 15 16 18 19 20 21 . 22 23 
chain bonds : 

1-2 1-3 1-4 1-24 3-5 4-11 13-17 17-18 24-25 25-26 26-27 26-28 28-29' 
29-30 30-31 
ring bonds : 

5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 
exact /norm bonds : 

1-2 1-3 1-4 3-5 4-11 13-17 17-18 24-25 25-26 26-27 28-29 29-30 30-31 
exact bonds : 
1-24 26-28 
normalized bonds : 

5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 

Match level : 

1 : CLASS 2 : CLASS 3 : CLASS 4 : CLASS 5 : At om 6 : Atom 7 : At om 8 : Atom 9 : At om 1 0 : At om 

ll:Atom 12:Atom 13:Atom 14 : Atom 15:Atom 16:Atom 17:CLASS 18 : Atom 19:Atom 
20: Atom 21: Atom 22 : Atom 23 : Atom 24: CLASS 25: CLASS 26: CLASS 27: CLASS 
28: CLASS 29 -.CLASS 30: CLASS 31: CLASS 



L4 STRUCTURE UPLOADED 

= >d 14 

L4 HAS NO ANSWERS 
L4 STR 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

Structure attributes must be viewed using STN Express query preparation. 
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=> s 14 

SAMPLE SEARCH INITIATED 12:00:28 FILE 1 REGISTRY 1 
SAMPLE SCREEN SEARCH COMPLETED - 0 TO ITERATE 



100.0% PROCESSED 
SEARCH TIME: 00.00.03 



0 ITERATIONS 



0 ANSWERS 



FULL FILE PROJECTIONS: 

PROJECTED ITERATIONS: 
PROJECTED ANSWERS: 



ONLINE * * COMPLETE* * 
BATCH ** COMPLETE** 

0 TO 0 
0 TO 0 



L5 



0 SEA SSS SAM L4 



=> S 14 ful 

FULL SEARCH INITIATED 12:00:36 FILE 'REGISTRY' 
FULL SCREEN SEARCH COMPLETED - 0 TO ITERATE 



100.0% PROCESSED 
SEARCH TIME: 00.00.01 



L6 



0 ITERATIONS 
0 SEA SSS FUL L4 



0 ANSWERS 



Uploading C:\Program Files\Stnexp\Queries\10714255 . str 




'27 



24 



»2 » 
\ 



10 



\^12 ^17.^19. 



16 



J 

15 



13 
14 



20 



23^/21 
22 



chain nodes : 

1 2 3 4 17 24 25 26 27 28 29 30 31 
ring nodes : 

5 6 7 8 9 10 11 12 13 14 15 16 18 19 20 21 22 23 
chain bonds : 

1-2 1-3 1-4 1-24 3-5 4-11 13-17 17-18 24-25 25-26 26-27 26-28 28-29 
29-30 30-31 
ring bonds : 

5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 
exact /norm bonds : 

1-2 1-3 1-4 3-5 4-11 13-17 17-18 24-25 25-26 26-27 28-29 29-30 30-31 
exact bonds : 
1-24 26-28 
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normalized bonds : 

5-6 5-10 6-7 7-8 8-9 9-10 11-12 11-16 12-13 13-14 14-15 15-16 18-19 
18-23 19-20 20-21 21-22 22-23 



Match level : 

1: CLASS 2: CLASS 3 : CLASS 4 : CLASS 5: Atom 6: Atom 7: Atom 8 : Atom 9 : Atom 10: Atom 

11: Atom 12: Atom 13:Atom 14:Atom 15: Atom 16: Atom 17: CLASS 18: Atom 19: Atom 
20:Atom 21: Atom 22:Atom 23: Atom 24: CLASS 25: CLASS 26: CLASS 27: CLASS 
28: CLASS 29: CLASS 30: CLASS 31: CLASS 



L7 



STRUCTURE UPLOADED 



= > S 17 

SAMPLE SEARCH INITIATED 12:01:38 FILE •REGISTRY' 
SAMPLE SCREEN SEARCH COMPLETED - 0 TO ITERATE 

100.0% PROCESSED 0 ITERATIONS 

SEARCH TIME: 00.00.01 



0 ANSWERS 



FULL FILE PROJECTIONS: ONLINE **COMPLETE** 

BATCH ** COMPLETE** 

PROJECTED ITERATIONS: 0 TO 0 

PROJECTED ANSWERS: 0 TO 0 



L8 



0 SEA SSS SAM L7 



=> s 17 ful 

FULL SEARCH INITIATED 12:01:48 FILE 'REGISTRY' 
FULL SCREEN SEARCH COMPLETED - 0 TO ITERATE 

100.0% PROCESSED 0 ITERATIONS 

SEARCH TIME: 00.00.01 



0 ANSWERS 



L9 



0 SEA SSS FUL L7 



=> logoff y 

COST IN U.S. DOLLARS 



FULL ESTIMATED COST 
STN INTERNATIONAL LOGOFF AT 12:01:54 ON 09 JUN 2005 



SINCE FILE 
ENTRY 
485.28 



TOTAL 
SESSION 
485.49 



10714255 



^ © 1998 Nature America Inc. • http://structbio.nature.com 



letters 



Iron center, substrate 
recognition and mechanism 
of peptide deformylase 

Eubacterial proteins are synthesized with a formyl group at 
the N- terminus which is hydrolytically removed from the 
nascent chain by the mononuclear iron enzyme peptide 
deformylase. Catalytic efficiency strongly depends on the 
identity of the bound metal. We have determined by X-ray 
crystallography the Fe 2 *, Ni 2 + and Zn 2+ forms of the 
Escherichia coli enzyme and a structure in complex with the 
reaction product Met-Ala-Ser. The structure of the complex, 
with the tripeptide bound at the active site, suggests detailed 
models for the mechanism of substrate recognition and 
catalysis. Differences of the protein structures due to the 
identity of the bound metal are extremely small and account 
only for the observation that Zn 2+ binds more tightly than 
Fe 2+ or Ni 2 \ The striking loss of catalytic activity of the Zn 2+ 
form could be caused by its reluctance to change between 
tetrahedral and five-fold metal coordination believed to 
occur during catalysis. 

N-terminal formylation and subsequent deformyiation 
appears to be a characteristic feature of eubacterial protein syn- 
thesis 1 . Peptide deformylase (PDF, EC 3.5.1.31), the enzyme 
responsible for cleaving the formyl group 2 3 , is essentia! for bac- 
terial growth 4 but seems to be absent in eucaryotic cells (see ref- 
erences cited in ref. 5) which makes it an attractive target for 
the design of new antibiotics. PDF is a mononuclear iron 
enzyme 5 * 7 of catalytic efficiency (I^/Km = 10 5 M- } s~ l ) compar- 
able to that of other metallopeptidases. Fe 2+ can be replaced by 
Ni 2 + without significant loss of catalytic efficiency, whereas the 
Zn 2+ form, prepared from the apoenzyme or by displacement 
of Fe 2+ or Ni 2f proved virtually inactive 6 . 

Previous structural work on the Zn 2+ form by NMR spec- 
troscopy of the core domain (residues 1-147)* andX-ray crystal- 
lography of the full-length protein (residues 1-168) at 2.9 A 
resolution 9 implicates Cys 90, His 132, His 136 and a water mol- 
ecule as metal ligands. Although the overall fold of PDF differs 
from other metalloenzymes 8 , the finding that the two histidine 
ligands reside in the sequence motif HEXXH 10 , known 1112 to be 
involved in zinc binding in metalloproteases like thermolysin 13 , 
has led to the assumption of a similar enzyme mechanism 9 . 
Recently, we have solved the X-ray structure of the catalyticaliy 
active Ni 2+ form at 1 .9 A resolution in complex with the compet- 
itive inhibitor PEG identifying the substrate binding site 14 . Now 
we report the structures of the Fe 2+ , Ni 2 + and Zn 2+ forms of the 
enzyme along with the structure in complex with the reaction 
product Met-Ala-Ser, and derive detailed models for the mecha- 
nism of substrate recognition and catalysis that will help in the 
design of new antibacterial agents. 

Crystal structures 

We have solved the crystal structures of the native Fe 2+ - 
enzyme in complex with PEG (PDF-Fe/PEG) , the hearty inac- 
tive Zn 2+ -forms in the presence (PDF-Zn/PEG) and absence 
(PDF-Zn) of PEG, the catalyticaUy active Ni 2 *-form in com- 
plex with the product Met-Ala-Ser (PDF-Ni/MAS) , and the 
Zn 2+ -form cocrystallized with substrate formyl-Met-Ala-Ser 
(PDF-Zn/fMAS). The structures were solved by molecular 



replacement using the PDF-Ni/PEG structure 14 as starting 
model. Data sets and results of structure determinations are 
summarized in Table 1 which includes the entries of the previ- 
ously described PDF-Ni and PDF-Ni/PEG crystals 14 to simpli- 
fy the discussions. 

All crystals possess space group symmetry C2 and contain 
three molecules in the asymmetric unit 6 , named A, B and C. 
Cell constants are a = 140.8 A, p « 63.4 A, c = 86.8 A, p * 120.6° 
for PDF/PEG, a = 143.4 A, p = 64.0 A, c = 84.6 A, p = 123.2° for 
PDF, and a = 143.4 A, p = 64.1 A, c = 84.9 A, p - 123.3* for 
PDF/(f)MAS crystals; they do not depend on the type of the 
bound metal. Typical deviations in bond length, bond angles, 
dihedral and improper angles from their ideal values in the 
atomic models are 0.011 A, 1.2°, 25.5°, and 2.1° respectively. 
Refined 15 metal occupancies in each structure are at least 0.92 
and have been reset to 1 .0 in the final structures. 

Peptide binding site 

Analysis of cocrystals of PDF-Ni 2+ with Met-Ala-Ser 
(PDF-Ni/MAS) , a product of PDF catalysis, reveals clear elec- 
tron density for the tripeptide in all three crystallographically 
independent monomers (Fig. la). Cct-traces of the three 
monomers together with bound Ni 2+ and tripeptide are shown 
superimposed in Fig. 1Z>. Generally, the monomer structures 
are rather similar except for the more flexible regions 62-68 
and 148-168 as observed for the PDF-Ni structures 14 . More 
subde structural differences are found in regions far from 
direct crystal contacts, notably in the position of water W2. In 
contrast to all other structures, VV2 is found in close proximity 
of the metal in monomers A and C of the PDF/ (f) MAS struc- 
tures which makes it a fifth ligand (Table 2) . Ligation of W 2 to 
the metal is accompanied by a shift of -0.4 A of the turn Gly 
89-Leu 91 which leads to a more open metal center. 

The tripeptide binding region of the PDF-Ni/MAS structure 
(Fig. lb) overlaps well the the PEG binding region of the 
PDF-Ni/PEG structure {Fig. 1 of ref. 14). Since PEG is a com- 
petitive inhibitor of PDF activity 14 , we can reasonably assume 
that Met-Ala-Ser binds to the enzyme in a similar manner as 
formyl-Met-Ala-Ser which is a substrate of the enzyme. The 
binding of formyl-Met-Ala-Ser can be modeled by shifting 
Met-Ala-Ser (Fig. lc) towards the metal by 0.8 A and replacing 
W2 by the car bony 1 oxygen of the formyl group (Fig. Id). This 
hypothetical model of the enzyme-substrate complex, generat- 
ed using X-PLOR 15 with harmonic restraints to the starting 
structure, obeys stereochemical constraints and requires only 
minor changes in the active site region of the protein as 
observed for the PDF-Ni/MAS structure. Moreover, it explains 
why PDF has a much lower activity for peptides acetylated at 
the N- terminus 21617 , in the model the additional methyl group 
(which substitutes for the hydrogen in the formyl group) would 
overlap with the side chains of Leu 91 and Leu 46 and the car- 
bonyl oxygen of Gly 45, as noted by Chan et ai. 9 . Also, displace- 
ment of Leu 91, which in our model of the enzyme mechanism 
would be part of the oxyanion hole, is likely to reduce catalytic 
efficiency. Thus, we speculate that substrate recognition by the 
enzyme may involve most of the interactions between the pep- 
tide and PDF as seen in the PDF-Ni/MAS structure. 

Interactions of Met-Ala-Ser with PDF are depicted in Fig. 2. 
The N-terminal amino group of the peptide forms hydrogen 
bonds with Gly 45, Glu 133 and the waters Wi and W2, where- 
as the methionine side chain fits neatly into a hydrophobic 
pocket formed by residues He 44, lie 86. Glu 88, Leu 125, He 
128, Cys 129 and His 132 (Fig. 2b). Clearly, amino acids like 
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Fig. 1 a. Omit map of Met-Ala-Ser in the 
PDF-Ni/MAS structure contoured at lo . Figure 
prepared with BobScript 25 . b. Stereo-view or 
superimposed Ca-traces or the three crystal lo- 
graphically independent copies or peptide 
deformylase in complex with the reaction prod- 
uct Met-Ala-Ser. The numbers refer to amino acid 
residues. The transformations for optimal super- 
position were determined from equivalent 
Ca-atoms using molecule A as a reference and 
applied to the Ni 2 * ion (marked as Ni) and the 
peptide as well. Molecule complexes A. B, C are 
shown in green, magenta, blue, respectively, 
c, Active site of PDF-Ni (monomer A) with bound 
catalytic product Met-Ala-Ser. ordered water 
molecules W1, W2 and the Ni 2 * ion, d. A hypo- 
thetical model or PDF with bound substrate 
formyl-Met-Ala -Ser. 



phenylalanine or ethioriine instead of 
methionine also bind to PDF (unpublished 
results, S.S. and A.RV.W.) and would also 
fit into the pocket pointing to significance 
for inhibitor design. Consistent with the 
enzyme's low sequence specificity, all 
hydrogen bonds involve only atoms of the 
peptide backbone. Moreover, as shown in 
Figs, led and 2b, the tripeptide is bound at 
a position that leaves enough room to 
accommodate bulky side chains for the sec- 
ond and following residues. Compared 
with longer substrates or with formyl-Met- 
amide. the minimal substrate formyl-Met 
has a much lower catalytic efficiency 7 
which points to the importance of the 
interaction with Gly 89. Perhaps the pres- 
ence of the hydrogen bond is communicat- 
ed to the metal ligand Cys 90 thereby 
reducing the energy of the transition state. 
Interestingly, Cys 90 is located in the P-tum 
Gly 89-Leu 91 which together with water 
W2 is susceptible to weak crystal packing 
forces. 

Motivated by the finding that PDF-Zn 2+ is 
nearly catalytically inactive, we have deter- 
mined its structure using crystals grown in 
the presence of the substrate formyl- 
Met- Ala-Ser (data set PDF-Zn/fMAS). 
Unfortunately, because of residual activity 
of the Zn 2+ form in the crystal or because of 
small contamination by more active metallo 
forms of the enzyme, no density was found 
in the map that could by assigned to the 
formyi group; this is in sharp contrast to the 
clear density seen for the peptide product 
Met-Ala-Ser. In fact, both the Ni z+ - and 
Zn 2+ -forms of PDF with the bound tripep- 
tide are remarkably similar. 

Metal center 

The various metal forms of the PDF/PEG, 
PDF and PDF/(f)MAS crystals, each grown 
under nearly identical chemical conditions, 
allow us to study the influence of the metal 
on the structure. In agreement with earlier 
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Fig. 2 Peptide deformylase in complex with the reaction product Met-Ala-Ser. a, Peptide binding scheme; Gly 45, Glu 88, Gly 89, His 132 and Glu 133 
are conserved residues. Dashed lines indicate hydrogen bonds. Mean distances between donor and acceptor atoms as observed in the three crys- 
tal lographica I ly independent monomers are given in A . The distance between the N -terminal amino group of the peptide to the Ni**-ion is -3.9 A. 
to, Protein atoms (white, carbon; red, oxygen; dark blue, nitrogen; green, sulphur) and catalytic metal (magenta, Ni 2 *) are depicted as space-filling 
spheres. Met-Ala-Ser is in ball-and-stick representation with carbon atoms and bonds colored yellow. Water molecules W1, W2 are shown as small 
light blue spheres. Figure prepared using MOLSCRIPT 26 and Raster3D 27 . 



NMR 8 and X-ray studies of PDF--Zn 9 , the metal ion in the 
structures presented here (except those of the peptide complex- 
es) is tetrahedrally ligated. Ligands are the Sy-atom of Cys 90, 
the Ne2-atoms of His 132 and His 136 in the HEXXH motif, 
and an oxygen atom of the group Wl modeled as a water mole- 
cule. All ligands, occupying well defined positions in the elec- 
tron density maps, are precisely aligned by an intricate network 
of hydrogen bonds involving conserved residues of the enzyme 
family 14 . As shown in Table 2, the arrangement of the ligands, 
in particular of Wl, deviates significantly from ideal tetrahe- 
dral symmetry in all structures. 

Considering the variability found in the metal ligand posi- 
tions for the three crystallographically independent molecules 
in each structure, it appears that crystal packing effects or ran- 
dom errors in the atomic models obscure all structural differ- 
ences between the Fe 2 \ Ni 2 ~ and Zn 2+ forms of the enzyme. In 
fact, the influence of the metal on the structure is extremely 
small and barely detectable. It is known that Zn 2 - is bound 
more tightly by the enzyme than the other metals 6 . This effect 
becomes visible in the structures if the tetrahedral volumes, 
spanned by the four metal ligands. are compared as shown in 
Table 2. In all cases, volumes around the Zn 2+ ion are smaller 
than in the presence of Fe 2+ or Ni 2+ . 

The extreme similarity among the structures in each of the 
three groups of crystals has also been confirmed by Fourier 
analysis of differences between observed structure factors. 



This analysis is known to be very sensitive, yet robust towards 
errors in the atomic model. Moreover, we have excluded the 
metal from calculating model phases. In all cases, the domi- 
nant maxima in the resulting difference maps varied between 
10a and 36a and account for the difference of two or four 
electrons between the compared metal forms. Minima and 
minor maxima are predominantly found in the vicinity of the 
ligand Cys 90. These structural differences are remarkably 
small and of a magnitude well below the contribution expect- 
ed from an ordered water molecule that may be present, 
absent or displaced due to the metal type. We conclude that, 
the enormous differences in catalytic activity of the metal 
forms of the enzyme ultimately result from the tighter bind- 
ing of the Zn 2t ion as compared to Fe 2 * or Ni 2+ . 

Catalytic model 

It has been noted that the active site of PDF is similar to ther- 
raolysin although its overall fold differs from other metallo- 
proteases 8 . Both proteins use two histidines from the common 
HEXXH sequence motif for metal ligation and require the 
glutamate residue for catalytic activity. In fact, mutations of 
Glu 133 to Ala ? Asp or Gin were found to eliminate catalytic 
activity of PDF' 8 - 19 . This has led to the proposal of a mecha- 
nism of deformylation 9 that resembles the mechanism sug- 
gested for thermolysin 20 . Below we propose a model of the 
catalytic cycle of PDF that is consistent with the available 
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Fig. 3 Proposed reaction cycle of peptide deformylase. 



structures and biochemical data. Besides being more detailed, 
it differs from the model of Chan et a/. 9 by the inclusion of 
water W2 and the role of residues Leu 91 and Gin 50 which 
form an oxyanion hole as described for serine and cysteine 
proteases 21 . 

The reaction cycle could proceed in the following steps (Fig. 
3). Step 1 represents the initial state of PDF as found in the 
PDF-Ni and PDF-Zn structures. In the next step the formylat- 
ed peptide binds as shown in the hypothetical model of the 
enzyme- substrate complex (Fig. Id) thereby replacing water 
W2 by the carbonyl oxygen of the formyl group. The carbonyl 
oxygen is polarized by hydrogen bonds to the amide of Leu 91 
and the side chain of Gin 50. This supports the nucleophiiic 
attack of Wl (probably a deprotonated water) on the carbonyl 
carbon of the formyl group that leads to the transition state of 
the reaction as depicted in step 3. The carbonyl oxygen is tetra- 
hedrally ligated by the metal, carbonyl carbon, side chain 
amide of Gin 50, and main chain amide of Leu 91. This 
arrangement of amide hydrogen bond donors resembles the 
oxyanion hole in serine and cysteine proteases for stabilizing 
the transition state 21 . The absence of ionizable groups in the 
oxyanion hole is well in line with the broad.pH-activity profile 
of PDF-Fe which is nearly constant between pH 6.1 and 11.2 
(ref. 7). The electronic state of the attacked carbonyl carbon 
changes from sp 2 to sp 3 accompanied by a transition from the 



tetrahedral to a five-coordinate metal center, this transition 
being strongly inhibited in the case of PDF-Zn due to the 
ti ghter binding of this metal ion as compared with Fe 2+ or Ni 2+ . 
Probably the rearrangement of the metal ligands is supported 
indirectly by the hydrogen bond between Gly 89 and the pep- 
tide substrate as mentioned above. 

The proton of Wl is transferred with the help of Glu 133 to 
the amide at the N-terminus of the peptide, the added positive 
charge making the nitrogen suitable as a leaving group. 
Subsequent bond cleavage leads to the ternary enzyme- 
formate-peptide complex shown in step 4. Here, the formate is 
bound to the five-coordinated metal center and the free N-ter- 
minus of the peptide is hydrogen bonded to Glu 133 as found 
in the PDF-Ni/MAS structure. The reaction proceeds by dis- 
sociation of the peptide which leaves an activated enzyme- 
formate complex as shown in step 5. The existence of such a 
complex is consistent with biochemical data which show that 
PDF can transfer the formyl group from one formyl peptide to 
another peptide by a ping-pong' mechanism 7 . The reaction 
cycle closes with the release of formate and the uptake of two 
water molecules, Wl and W2. It is very likely that formate 
release proceeds by attack of a water molecule on the metal 
rather than on the formate carbon atom. Evidence comes from 
the lack of 17 0 exchange during incubation of 17 0 formate in 
the presence of PDF 7 . 
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Tablel Data collection and refinement statistics 



Compound 


PDF-Fe/PEG 


PDr-Wi/PEG 


PDF-Zn/PtG 


PDF-Ni 


PDF-Zn 


PUr-Ni/iVlAb 


one 7_/ftU| AC 
r Ur-Z.n/1 FvIHj 


PDB accession number 


1BSZ 


1ICJ 


1BS4 


1BS7 


1BS5 


1BS6 


1BS8 


Outer shell (A) 


2.01-1.9 


2.01-1.9 


2.01-1.9 


2.64-2.5 


2.64-2.5 


2.23-2.1 


2.33-2.2 


Measured reflections 


104,453 


281,561 


188,577 


90,069 


130,772 


118,387 


117,576 


Unique reflections 


50,232 


51,138 


51.676 


21,929 


22,399 


37,363 


32,674 


Completeness (%) 


96.1 


97.9 ' 


99.2 


97.2 


99.3 


98.0 


992 




5.9 


7.5 


4.8 


8.6 


7.6 


5.6 


8.0 


<l/o> in outer shell 


2.2 


2.7 


2.8 


2.4 


1.9 


1.8 


2.0 


R-factor (%) 2 


19.7 


19.3 


19.3 


20.3 


20.8 


20.6 


20.4 


R*ee(%) 3 


24.7 


23.8 


24.0 


27.2 


25.8 


25.8 


26.1 


Coordinate error (A) 


0.23 


0.22 


0.22 


0.33 


0.33 


0.29 


0.29 


Protein atoms 


4,122 


4,122 


4,122 


4,038 


4,038 


4,107 


4,107 


Alternate locations 


84 


84 


84 


0 


0 


69 


69 


Heterogen atoms 


97 


97 


97 


13 


13 


73 


73 


Solvent molecules 


211 


211 


211 


132 


132 


165 


165 



■ £i |Iw - '^m Im where h are unique reflection indices and L,, are the intensities of symmetry equivalent reflections giving a mean value of V 
2 R = X IF^Fn^J / 1 F rta where F^ and 

F model **re observed and atomic model structure factor amplitudes respectively. 
3 R-factor calculated for 1 0% of randomly chosen reflections that were excluded from the refinement 



Methods 

Preparation of all crystals except PDF-Zn/fMAS, enzymatic activity tests 
and determinations of metal content were performed as described 6 . 
PDF-Zn/fMAS crystals were grown under conditions similar to those for 
PDF-Ni/MAS with 20 mM formyl-Met-Ala-Ser instead of MAS and in 
addition 500 mM ammonium formate and 100 mM KF. 

Diffraction data were collected at room temperature by the rotation 
method and recorded by an electronic area detector (X-rays: CuKot, 
focused by Franks double-mirror optics; generator: GX-18, Elliot/Enraf- 



Nonius, Delft operated at 35 kV, 50 mA; detector: X100, 
Siemens/Nicolet; crystal to detector distance: 10 cm; rotation/image: 
0.0417° or 0.0833°). Integrated intensities were extracted from the. 
rotation images by the program package XDS 22 which includes routines 
for scaling data from several crystals as well as for space group determi- 
nation from the observed diffraction pattern 23 . 

All structures were solved by molecular replacement using the 
PDF-Ni/PEG structure 14 as starting model, followed by model correc- 
tion 24 and refinement 15 . For comparison of two isomorphous crys- 



Table 2 Metal coordination 1 



Compound 






Bond angles 2 ( e ) 








Bond length 3 (A) 




V 4 (A 3 




«12 


0Ci 3 


a u 


a 23 


a 24 




di 


d 2 


d 3 


d 4 






PDF-Fe/PEG 


119 


105 


128 


103 


103 


93 


2.3 


2.1 


2.1 


2.2 


3.7 


5.0 




108 


112 


131 


101 


107 


95 


2.3 


2.3 


2.1 


2.0 


3.7 


5.0 




116 


111 


132 


103 


104 


85 


2.2 


2.2 


2.2 


2.3 


3.6 


5.1 


PDF-Ni/PEG 


116 


102 


133 


100 


98 


103 


2.2 


2.1 


2.1 


1.9 


3.7 


4.2 




111 


105 


134 


104 


100 


98 


2.3 


2.2 


2.0 


2.0 


3.6 


4.6 




115 


104 


133 


102 


102 


95 


2.3 


2.1 


2.1 


2.1 


3.7 


4.7 


PDF-Zn/PEG 


118 


102 


125 


104 


101 


104 


2.3 


2.1 


2.0 


1.8 


3.9 


4.1 




117 


105 


124 


104 


100 


103 


2.3 


2.0 


2.1 


1.9 


3.8 


4.3 




116 


103 


126 


106 


101 


102 


2.2 


2.1 


2.1 


2.0 


3.8 


4.6 


PDF-Ni 


127 


107 


137 


96 


95 


73 


2.1 


2.1 


2.4 


2.5 


3.9 


4.8 




115 


116 


137 


107 


92 


84 


2.2 


2.2 


2.0 


1.9 


3.7 


4.0 




114 


110 


149 


99 


92 


79 


2.2 


2.2 


2.1 


2.2 


n.o. 


4.2 


PDF-Zn 


118 


102 


131 


107 


101 


93 


2.1 


2.0 


2.2 


2.2 


4.1 


4.7 




118 


107 


127 


109 


96 


96 


2.1 


2.1 


2.1 


1.8 


3.7 


4.0 




115 


107 


143 


105 


90 


91 


2.1 


2.1 


2.1 


1.8 


n.o. 


3.8 


PDF-Ni/MAS 


121 


105 


157 


98 


81 


77 


2.4 


2.2 


2.3 


2.2 


2.3 


4.3 




122 


111 


142 


100 


88 


84 


2.3 


2.2 


2.2 


1.9 


3.4 


4.3 




115 


98 


155 


102 


89 


82 


2.4 


2.2 


2.2 


2.0 


2.7 


4.2 


PDF-Zn/fMAS 


117 


109 


156 


101 


83 


77 


2.1 


2.3 


2.1 


1.9 


2.3 


3.6 




116 


104 


133 


113 


93 


96 


2.2 


2.1 


2.0 


1.9 


3.7 


4.1 




115 


109 


154 


102 


87 


77 


2.2 


2.0 


2.0 


2.3 


2.2 


3.8 



1 Bond angles, bond lengths and volumes are given for monomers A B, C in the asymmetric unit of each compound. 
2 Bond angle a, is the angle between llgand I, metal and ligand j {I j - 1 4). 

3 Bond lengths d,, d 2 , d 3 , d 4 are distances from the central metal to its four ligands, Cys 90 (Sy). His 132 (Ne2), His 136 (Nc2). and water molecule W1 
respectively. 

4 V is the volume of the tetrahedron formed by the four metal ligands. 

*d 5 is the distance between water molecule W2 and the metal. W2 is not observed in monomer C of the PDF-Ni and PDF-Zn structures. 
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tal structures difference electron density maps were computed from 
structure factors calculated as difference between the measured ampli- 
tudes of each data set multiplied by a phase factor derived from the 
atomic model of one of the crystals. 

Coordinates. Protein Data Bank accession numbers are given in Table 1 . 
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MutY catalytic core, mutant 
and bound adenine structures 
define specificity for DNA 
repair enzyme superfamily 

The DNA glycosylasc MutY, which is a member of the Helix-hair- 
pin-Helix (HhH) DNA glycosylase superfamily, excises adenine 
from mispairs with 8-oxoguanine and guanine. High-resolution 
crystal structures of the MutY catalytic core (cMutY), the complex 
with bound adenine, and designed mutants reveal the basis for 
adenine specificity and glycosyl bond cleavage chemistry. The two 
cMutY helical domains form a positively-charged groove with the 
adenine-spedfic pocket at their interface. The Watson-Crick 
hydrogen bond partners of the bound adenine are substituted by 
protein atoms, confirming a nucleotide flipping mechanism, and 
supporting a specific DNA binding orientation by MutY and 
structurally related DNA grycosylases. 

Reactive oxygen species that are generated during aerobic respi- 
ration and immune response cause oxidative lesions in DNA that 
are repaired by the base excision repair pathway 1 . Oxidative DNA 
damage is implicated in mutagenesis, carcinogenesis and aging 2 . 
Hydroxyl radicals rapidly react with the guanine C8 position pro- 
ducing a steady-state level of mutagenic 8-oxoguanines (*OG) in 
cells 3 . Oxidation also creates 8-oxo-GTP that, like 8 OG in template 
DNA, is generally mispaired with adenine by replicatlve polymeras- 
es, creating A-T to C-G and G-C to T-A transversion mutations 4 . 
In Escherichia coh, three key enzymes, MutT, MutM (FPG), and 
MutY, function synergisticaDy to protect cells from the deleterious 
effects of guanine oxidation 5 - 6 . MutT removes 8-oxo-GTF to reduce 
its misincorporation by polymerases, and MutM excises 8 OG from 
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*OG-C DNA base pairs 5 . Only the mismatched-adenine specific 
glycosylase MutY lecognizes the mutational intermediate 8 0G-A 
mispair 5 , and loss of the E. colimutYgme leads to elevated mutation 
rates 8 . Mutations in the three analogous human enzymes may 
increase cancer susceptibility due to elevated tranversion frequen- 
cies 6 *. Importantly, among these tliree enzymes, only the sequence 
of MutY is conserved from bacteria to humans suggesting its funda- 
mental importance in DNA repair 10 . Moreover, as only the 8 0G in 
8 OG-A mispairs is correctly coding, restoration of the original G-C 
base pair requires a two step process. First, MutY excises adenine 
mispaired with *OG, creating an abasic site that is processed by the 
multi-enzyme base excision repair pathway 5 n to yield an ^G-C 
base pair. Second, MutM removes 8 OG to initiate a final cycle of base 
excision repair that restores the original G-C base pair. 

Cloning and sequencing of mutY 2 and other DNA repair genes 
revealed a base excision repair glycosylase superfamily 13 , which 
includes both pure DNA grycosylases, like 3-methyladenine glyco- 
sylase II (AlkA) , and DNA glycosylase/lyases, like endonuclease III 
(EndoIII). Crystal structures of EndoIII 14 and AlkA 1516 show that 
the most conserved superfamily structural element is the Helix- 
hairpin-Helix (HhH) motif 17 . However, no crystal structures with 
bound DNA or with bound target bases exist for any member of the 
HliH glycosylase superfamily. Thus, the structural and chemical 
basis of DNA binding, substrate specificity and glycosyl bond 
cleavage by MutY and other members of the HhH DNA glycosylase 
superfamily is largely uncharacterized. 

MutY structure 

Here we characterize the structural chemistry of MutY and HhH 
glycosylase catalysis and recognition of damaged bases using: three 
designed MutY mutants, MutY inhibition by relevant base analogs, 
and high-resolution crystal structures of the fully-active, 26,000 M r 
catalytic core of MutY (cMutY) that lacks the 1 3,000 M- C-terminal 
region of unknown function 18 . Three cMutY structures were deter- 
mined: wild type cMutY (1 .4 A resolution) , an inactive site-directed 
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